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Safety of therapeutic hypothermia in children on veno-arterial
extracorporeal membrane oxygenation after cardiac surgery

Song Lou,’ Graeme MacLaren,'”? 4 Eldho Paul,” Derek Best,' Carmel Delzoppo,1 Yves d’Udekem,’ 6
Warwick Butt'

"Paediatric Intensive Care Unit, Royal Childyen’s Hospital, Parkville, Melbourne, Australia; *State Key Laboratory of
Cardiovascular Disease, Department of Cardiopulmonary Bypass, National Center for Cardiovascular Diseases, Chinese
Amdemy of Medical Sciences and Peking Union Medical College, Fuwai Hospital, Beijing, People’s Republic of China;
> Department of Paediatrics, University of Melbourne, Meléomne, Victoria, Australia; ” Cardiothoracic Intensive Care
Unit, Nﬂtzomzl University Health System, Singapore; °School of Public Health and Preventive Medicine, Monash
University; Depcm‘mem‘ of Cardiac Surgery, The Royal Children’s Hospital, Melbourne, Victoria, Australia

Abstract Objective: The aim of this study was to evaluate whether the use of therapeutic hypothermia in patients
receiving extracorporeal membrane oxygenation after paediatric cardiac surgery is associated with increased
complication rates. Methods: We undertook a retrospective study to compare the complication rates and clinical
course of children after cardiac surgery in two groups — extracorporeal membrane oxygenation without
therapeutic hypothermia (group 1) and extracorporeal membrane oxygenation with therapeutic hypothermia
(group 2). Therapeutic hypothermia was performed via the extracorporeal membrane oxygenation circuit heater—
cooler device. Results: A total of 96 patients were included in this study (59 in group 1 and 37 in group 2).
Complications were comparable between group 1 and group 2, except that more patients with therapeutic
hypothermia had hypertension while on extracorporeal membrane oxygenation. Therapeutic hypothermia was
not independently associated with in-hospital mortality (adjusted odds ratio 1.16, 95% CI: 0.33-4.03;
p =0.82). Conclusion: Therapeutic hypothermia can be safely provided to children on extracorporeal membrane
oxygenation after cardiac surgery without an increase in complication rates.
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HE ROLE OF THERAPEUTIC HYPOTHERMIA IN with animals being randomised to either hypother-

critical illness is actively debated. Uncertain-

ties abound regarding precise indications,
technique, duration, and potential benefits. There is
some evidence that therapeutic hypothermia may
improve survival and mitigate both cardiac and brain
injury, particularly after cardiac arrest. For example,
in one animal study, 24 hours of extracorporeal
membrane oxygenation support was performed
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mia (33°C) or normothermia. The hypothermia
group showed improved surv1val as well as better
cerebral and cardiac outcomes.' Hypothermia is also
associated with improved survival and better
neurodevelopmental outcomes in newborns with
moclerate to-severe hypoxic ischaemic encephalopa-
thy.” The American Heart Association recommends
hypothermia for the treatment of neurological injury
following resuscitation from out-of-hospital cardiac
arrest when the initial cardiac rhythm is ventricular
fibrillation.”

Despite potential complications such as arrhyth-
mias,  coagulation dysfunction,S and infection,6
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small case series have shown that mild therapeutic
hypothermia during extracorporeal membrane oxy-
genation may be safe and feasible.”* Some clinicians,
however, remain reluctant to initiate moderate ther-
apeutic hypothermia (33°C) after cardiac surgery
because of concerns over these side-effects. Although
the indications for therapeutic hypothermia after car-
diac surgery are not well-defined, it might be a useful
intervention in selected cases of prolonged cerebral
hypoperfusion or following post-operative cardiovas-
cular collapse. We undertook a retrospective study to
compare the side-effect profile and clinical course of
children after cardiac surgery in two different groups,
(1) extracorporeal membrane oxygenation without
therapeutic hypothermia and (2) extracorporeal mem-
brane oxygenation with therapeutic hypothermia. Our
hypothesis was that therapeutic hypothermia would
not be associated with increased complications.

Materials and methods

We retrospectively reviewed the medical records of
patients who received extracorporeal membrane oxy-
genation with or without therapeutic hypothermia
after cardiac surgery between January, 2005 and
December, 2011. Our institutional review board
approved the study and waived the need for informed
consent.

Extracorporeal membrane oxygenation protocol

The extracorporeal membrane oxygenation system
consisted of a poly (2-methoxyethyl acrylate)-coated
tubing; a Quadrox D (Maquet, Hirrlingen, Ger-
many), MedosHilite LT (Medos, Stolberg, Germany),
or Lilliput 2 oxygenator (Sorin, Milano, Italy); and a
Rotaflow (Maquet) pump head. A description of our
routine management of ventilator settings, vasoactive
agents, extracorporeal membrane oxygenation flows,
and anticoagulation in patients on extracorporeal
membrane oxygenation have been described in detail
elsewhere.'' In brief, central cannulation was pre-
ferred in children who were recently (<14 days) post-
cardiotomy. After an initial bolus of 50-100 U/kg of
heparin at cannulation, heparin was titrated to
maintain an activated clotting time of 160—180 sec-
onds. Extracorporeal membrane oxygenation flows
were increased to a goal of 120-150 ml/kg/min and
adjusted according to preset targets. Mechanical
ventilation was lowered to rest settings when ade-
quate flows were established.

Therapeutic hypothermia

During the study period, therapeutic hypothermia
was not routinely performed. Patients were cooled at
the discretion of the attending physician. Therefore,
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patients were retrospectively assigned to two groups:
group 1 in which patients were supported by veno-
arterial extracorporeal membrane oxygenation only
and group 2 in which patients were supported by
veno-arterial extracorporeal membrane oxygenation
plus therapeutic hypothermia.

With adequate sedation, therapeutic hypothermia
was induced via the heater—cooler incorporated into
the extracorporeal membrane oxygenation circuit as
soon as patients were on support. Other medical
treatment and extracorporeal membrane oxygenation
management were the same, regardless of the use of
therapeutic hypothermia. The goal was to achieve a
core temperature of 32-33°C, monitored by an
oesophageal temperature probe, within 2 hours of the
decision to cool the patient. Hypothermia was
maintained for 24—72 hours, and then patients were
slowly re-warmed to normothermia (0.5°C every
4 hours). Temperatures above 37°C were avoided.
Extracorporeal membrane oxygenation patients
with spontaneous hypothermia who were promptly
re-warmed to normothermia and patients on extra-
corporeal membrane oxygenation cooled to nor-
mothermia were allocated to group 1. Extracorporeal
membrane oxygenation patients were not weaned off
mechanical circulatory support before re-warming to
36.5°C.

Core temperatures were recorded every hour.
Adequate hypothermia was defined as core tempera-
ture < target temperature +0.5°C before re-warm-
ing, otherwise it was regarded as inadequate
hypothermia. The following timelines were calcu-
lated: time between the primary insult (eg. cardiac
arrest) and initiation of hypothermia; time required
to reach the target temperature; time of adequate
and inadequate hypothermia; and time needed to
re-warm patients to 36.5°C.

Data collection

Demographic data, pre-extracorporeal membrane
oxygenation or therapeutic hypothermia status, extra-
corporeal membrane oxygenation setup and manage-
ment, extracorporeal membrane oxygenation- and
hypothermia-related complications, and clinical out-
comes were retrospectively collected. Demographic
data included gender, age, body weight, paediatric
index of mortality 2, and risk adjustment for con-
genital heart surgery-1 category. Pre-extracorporeal
membrane oxygenation or hypothermia status inclu-
ded mechanical ventilation before extracorporeal
membrane oxygenation, need for cardiopulmonary
resuscitation, arterial blood gas and biochemistry
results, and inotropic support immediately before
extracorporeal membrane oxygenation or therapeutic
hypothermia. Inotropic score was calculated based on
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the formula (doses in mcg/kg/min): Dopamine+
Dobutamine + (epinephrine X 100) + (norepinephrine
X 100)+ (Milirone X 15)."* A score <20, >20 and
<40, and >40 was regarded as low, medium, and
high, respectively. Extracorporeal membrane oxyge-
nation setup and management included oxygenator
type, cannulation site, circuit change, duration of sup-
port, and total blood product transfusion during
extracorporeal membrane oxygenation. Therapeutic
hypothermia-related complications included gastro-
intestinal  bleeding, thrombocytopaenia, seizures,
intracranial infarction or bleeding, dialysis, and
infection. Extracorporeal membrane oxygenation-
related complications included cannula-site bleeding,
haemolysis, hypertension, inotropic support on extra-
corporeal membrane oxygenation, poor ventricular
contractility, pneumothorax, and pulmonary bleeding.
Hypertension was defined practically as the need to
initiate vasodilator therapy. Poor ventricular con-
tractility was defined qualitatively on transthoracic
echocardiography by the reporting cardiologist.
Outcomes included weaning from extracorporeal
membrane oxygenation, survival to ICU discharge,
mechanical ventilation time, ICU stay, and survival to
hospital discharge. Among patients experiencing
multiple extracorporeal membrane oxygenation runs,
only the first run was included. Patients with extra-
corporeal membrane oxygenation support <24 hours
were also excluded from the study.

Statistical analysis

The primary endpoint was survival to hospital dis-
charge. Statistical analysis was carried out using Stata
version 12.0 (StataCorp LP, College Station, Texas,
United States of America). Normal distribution was
assessed by visual inspection of standardised normal
probability plots. Continuous variables were expres-
sed as mean with one standard deviation or median
(range) and were compared using Student’s t-test or
the Wilcoxon rank-sum test, as appropriate. Catego-
rical variables were ex2pressed as percentages and were
compared using the ¥~ test or Fisher’s exact test where
numbers were small. In order to compare the difference
in temperature between the two study groups
(hypothermia vs. non-hypothermia) during the first
72 hours after extracorporeal membrane oxygenation
initiation, repeated measures analysis of variance was
used. Models were fitted using main effects for group,
time, and an interaction between group and time in
order to ascertain whether the groups behaved differ-
ently over time. Demographic data, pre-extracorporeal
membrane oxygenation support or therapeutic hypo-
thermia status, extracorporeal membrane oxygenation
setup, management information and extracorporeal
membrane oxygenation-related complications, and
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hypothermia-related complications were compared
between the two groups with univariate analysis.
Logistic regression was performed to assess the inde-
pendent effect of therapeutic hypothermia on in-
hospital mortality, adjusting for potential confounders
including cardiopulmonary resuscitation, duration of
mechanical ventilation, lactate immediately before
extracorporeal membrane oxygenation, surgical com-
plexity — using risk adjustment for congenital heart
surgery-1 categories'> — and hypertension requiring
vasodilator therapy. Both base excess and pH were
highly correlated to lactate; thus, only lactate was
entered into the model to avoid collinearity. Due to
skewed distribution, duration of mechanical ventila-
tion was log-transformed. Zero values were replaced
by 0.1 to avoid missing values generated by log-
transformation. Weaning off extracorporeal membrane
oxygenation, survival to hospital discharge, total
mechanical ventilation time, and ICU stay were also
compared between the two groups. A two-sided
p value <0.05 was considered as significant.

Results

From 1 January, 2005 to 31 December, 2011, 59
patients after cardiac surgery were supported with
extracorporeal membrane oxygenation, and 37 patients
were supported with extracorporeal membrane oxyge-
nation and therapeutic hypothermia. Thus, 96 patients
were reviewed and included in the subsequent analysis.

Of the 96 patients, there were 49 boys (51.0%),
with a median age of 0.06(0.002—17) years and a
median weight of 3.7 (1.7-115) kg. The median risk
adjustment for congenital heart surgery-1 category
was 4 (2-6). Among all, four patients were not coded
by this score: three patients who received heart
transplantation and one patient who underwent
Fontan takedown. Demographic data were similar
between the two groups (Table 1).

Significant differences were observed in pre-
extracorporeal membrane oxygenation or ther-
apeutic hypothermia status as shown in Table 2.
Generally, group 1 patients had less requirement for
cardiopulmonary resuscitation and shorter ventila-
tion times before extracorporeal membrane oxygena-
tion support, and experienced less severe acidosis
compared with group 2 patients. In group 1, extra-
corporeal membrane oxygenation was indicated for
cardiac arrest in 17 patients, refractory low cardiac
output in 21 patients, and inability to wean from
cardiopulmonary bypass in 21 patients. In group 2,
extracorporeal membrane oxygenation was indicated
for cardiac arrest in 29 patients, refractory low cardiac
output in five patients, and inability to wean from
cardiopulmonary bypass in three patients. In all
group 2 patients, clinicians elected to use therapeutic
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Table 1. Comparison of demographic data among two groups of post-cardiac surgery patients.

Group 1 (n=59) Group 2 (n=37) p value
Male (n) 29 (49.1%) 20 (54.0%) 0.64
Age (years) 0.07 (0.002-17) 0.06 (0.02-16) 0.41
Weight (kg) 3.7 (1.9-115) 3.7 (1.7-65) 0.93
PIM2 score 7.34 (0.51-73.35) 3.78 (0.3-93.89) 0.12
RACHS-1 4 (2-6) 3.5 (2-6) 0.21
PIM = paediatric index of mortality 2; RACHS =risk adjustment for congenital heart surgery category
In group 1, three patients were diagnosed with cardiomyopathy. All variables except gender are presented as median (range)
Table 2. Comparison of pre-ECMO status among two groups of post-cardiac surgery patients.

Group 1 (n=59) Group 2 (n=37) p value

CPR (n) (%) 17 (28.8%) 29 (78.4%) <0.001
MV time (h) 19 (1-984) 41 (1-956) 0.028
pH 7.3310.14 7.16£0.24 <0.001
BE (mmol/L) -4.617.8 -12.2%85 <0.001
Lactate (mmol/L) 6.0*3.6 92+57 0.001
Glucose (mmol/L) 9.0%+3.8 9.5%3.7 0.53
Creatinine (pmol/L) 50 (5-190) 51 (20-140) 0.36
Inotrope score 0.35
Low (n) 36 (61.0%) 28 (75.7%)
Medium (n) 12 (20.3%) 5 (13.5%)
High (n) 11 (18.6%) 4 (10.8%)
Indication <0.001
Cardiac arrest (%) 17 (28.8%) 29 (78.4%)
Low cardiac output (%) 21 (35.6%) S (13.5%)
Inability to wean off bypass (%) 21 (35.6%) 3 (8.1%)

BE = base excess; CPR = cardiopulmonary resuscitation before ECMO; ECMO = extracorporeal membrane oxygenation; MV = mechanical ventilation

before ECMO

Inotrope score: Dopamine + Dobutamine+ (Adrenaline X 100)+ (Nor-adrenaline X 100)+ (Milirone X 15). Low <20, Medium >20 and <40, High >40.
pH, lactate, glucose, and BE are presented as mean + standard deviation. MV time and creatinine levels are presented as median (range)

hypothermia due to concerns about cerebral
hypoperfusion.

The target temperature achieved in group 2
patients was 34 (32-35)°C. The median time from
primary insult to initiation of hypothermia was
1(0-30) hour. It took another 3(0—19) hours to
achieve the target temperature. Patients spent a
median of 46 (12—71) hours with adequate hypo-
thermia; five patients (13.5%) spent a median of 2
(2-20) hours with inadequate hypothermia. It took a
median 28(10-75) hours to re-warm the patients
to 36.5°C, corresponding to a median speed of
0.11(0.02-0.21)°C/hour. Patients in group 1 had
a median nadir core temperature of 35.6°C
(33.6-36.2°C); seven patients (10%) experienced
transient spontaneous hypothermia (<35°C) and
were actively re-warmed to normothermia on extra-
corporeal membrane oxygenation. The analysis
showed that there was a significant interaction
(p <0.001) between hypothermia status and time on
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extracorporeal membrane oxygenation. The average
temperature in the hypothermia group was con-
sistently lower than the non-hypothermia group
during the first 72 hours after extracorporeal
membrane oxygenation initiation (Fig 1).

Extracorporeal membrane oxygenation setup,
management, and complications were comparable
between group 1 and group 2, except that more
patients with therapeutic hypothermia had hyper-
tension requiring vasodilator therapy while on
extracorporeal membrane oxygenation (Table 3). The
duration of mechanical ventilation and intensive care
were similar between treatment groups. Patients in
group one tended to have higher ICU and hospital
survival (Table 4).

Logistic regression analysis showed that, after con-
trolling for ventilation time, surgical complexity,
hypertension requiring vasodilator therapy, cardio-
pulmonary resuscitation, and lactate before extra-
corporeal  membrane  oxygenation, therapeutic
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Figure 1.
Auverage temperatures in the bypothermia and non-hypothermia groups over time. Ervor bars represent 95% confidence intervals.

Table 3. Comparison of ECMO setup, management, and complications.

Group 1 (n=59) Group 2 (n=37) p value
Oxygenator 0.70
Quadrox D (n) 44 (74.6%) 25 (67.6%)
Medos (n) 11 (18.6%) 8 (21.6%)
Lilliput (n) 4 (6.8%) 4(10.8%)
Cannulation site 0.80
Central (n) 56 (94.9%) 34 (91.9%)
Peripheral (n) 1 (1.7%) 2 (5.4%)
Both (n) 2 (3.4%) 1(2.7%)
ECMO time (h) 83 (26-332) 106 (24-367) 0.10
Circuit change (n) 6 (10.1%) 5 (13.5%) 0.75
RBC (ml/kg/h) 1.02 (0.02-5.09) 1.17 (0.12-11.75) 0.97
Platelet (ml/kg/h) 0.43 (0-3.14) 0.61 (0-11.75) 0.09
Plasma (ml/kg/h) 0.51 (0-2.28) 0.60 (0-11.75) 0.38
Cannula site bleeding® (n) 17 (28.9%) 12 (32.4%) 0.71
Pulmonary bleeding (n) 0 (0%) 1(.7%) 0.77
GI bleeding* (n) (%) 1(1.7%) 0 (0%) 1.00
Intracranial bleeding (n) (%) 2 (3.4%) 0 (0%) 0.52
Haemolysis** (n) 33 (55.9%) 24 (64.9%) 0.39
Hypertension*** (n) 35 (59.3%) 30 (81.1%) 0.026
Inotropes on ECMO (n) 42 (71.1%) 27 (73.0%) 0.85
Poor contraction®***%¥ (n) 12 (20.3%) 12 (32.4%) 0.18
Pneumothorax (n) 1(1.7%) 1(2.7%) 1.00
Thrombocytopaenia®**** (n) (%) 52 (88.1%) 36 (97.3%) 0.15
Seizures (n) (%) 1(1.7%) 2 (5.4%) 0.56
Intracranial infarction (n) (%) 6 (10.2%) 2 (5.4%) 0.48
RRT (n) (%) 31 (52.5%) 17 (45.9%) 0.53
Haemofiltration (n) (%) S (8.5%) 4 (10.8%) 0.73
PD (n) (%) 26 (44.1%) 16 (43.2%) 0.94
Infection®**#*** (n) (%) 22 (37.3%) 18 (48.6%) 0.27

ECMO = extracorporeal membrane oxygenation; GI = gastrointestinal; PD = peritoneal dialysis; RBC =red blood cell transfu-
sion; RRT = renal replacement therapy, including haemofiltration or peritoneal dialysis

ECMO time, RBC, platelet, and plasma are presented as median (range)

*Requiring surgical or endoscopic intervention

**Free plasma haemoglobin >0.1 g/L

#**Requiring vasodilator

##kkPlateler < 100 X 10°/L

#iktkSeverely reduced ventricular contraction on transthoracic echocardiography

#kHEk*Culture proven
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Group 1 (n=59) Group 2 (n=37) p value
Wean ECMO (n) (%) 51 (86.4%) 26 (70.3%) 0.05
ICU discharge (n) (%) 39 (66.1%) 17 (45.9%) 0.05
Hospital discharge (n) (%) 38 (64.4%) 17 (45.9%) 0.08
MV time (h) 334 (46-1680) 288 (62-2482) 0.90
ICU stay (h) 379 (51-2906) 351 (71-2512) 0.76

ECMO = extracorporeal membrane oxygenation; MV = mechanical ventilation

MYV time and ICU stay are presented as median (range)

hypothermia was not independently associated with in-
hospital mortality (adjusted odds ratio 1.16, 95% CI:
0.33-4.03; p=0.82).

Discussion

In this single-centre retrospective study, we showed
that therapeutic hypothermia was not associated with
increased complications, did not affect the manage-
ment course of patients on extracorporeal membrane
oxygenation, and was not independently related to
in-hospital mortality, after controlling for pre-
extracorporeal membrane oxygenation status. There
was no increase in complications seen when ther-
apeutic hypothermia was initiated in extracorporeal
membrane oxygenation patients compared with those
maintained at normothermia, except that more
patients in group 2 developed hypertension requiring
vasodilator therapy.

Both animal studies and clinical trials have shown
that therapeutic hypothermia may Erovide neurolo-
gical and cardiac protectionM_ ® via several
mechanisms including decreasing oxygen consump-
tion and metabolic rate, preventing neuronal body
swelling, and reducing neurotransmitter release.' ™"
Therapeutic hypothermia, targeting 32-34°C for
12-24 hours among comatose survivors of out-of-
hospital cardiac arrest, has been recommended by the
American Heart Association when the initial rhythm
is ventricular fibrillation. Therapeutic hypothermia
should also be considered in patients with other
arrhythmias, after in-hospital cardiac arrest.”® A
particular study showed that cardiac arrest survivors
presenting with cardiogenic shock benefited from
therapeutic hypothermia in terms of myocardial
performance, decreased catecholamine usage, and
improved survival when compared with a historic
control group of matched patients without hypo-
thermia;"” however, another recent study of adult
unconscious survivors of out-of-hospital cardiac arrest
found that therapeutic hypothermia targeting 33°C
did not improve mortality or neurological outcomes
compared with strictly maintained normothermia.”'
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There are few published data regarding ther-
apeutic hypothermia for children on extracorporeal
membrane oxygenation;"®*% one report of five neo-
nates showed the feasibility of providing therapeutic
hypothermia combined with extracorporeal mem-
brane oxygenation while utilising greater degth and
duration of cooling (33.5°C for 72 hours).?’ Extra-
corporeal membrane oxygenation-facilitated cooling
also maintained the target core temperature with
little variance. Similarly, Horan et al” did not observe
major adverse events while cooling five neonates to
34°C for 48 hours; however, due to the study design,
adverse events and mortality were not compared
between patients with hypothermia and normother-
mia. Furthermore, patients included in the previous
studies were supported by extracorporeal membrane
oxygenation either for respiratory failure or hypoxic
ischaemic encephalopathy, not after cardiac surgery
with the attendant risks of bleeding. Whether ther-
apeutic hypothermia leads to better long-term neu-
rological outcomes in children with cardiac arrest or
refractory circulatory failure after cardiac surgery is
unknown, but this may be clarified by an ongoing
clinical trial. This study is designed to recruit >900
patients across 37 different centres, with an estimated
date of completion of September, 2015 (Clin-
icalTrials.gov Identifier: NCT00880087).

Some limitations of our study should be acknowl-
edged. First, this was a single-centre, retrospective
study. Second, this was primarily a safety study and
data on long-term survival and neurodevelopmental
outcomes were not examined. Third, hypothermia
was not performed or instituted by protocol. Fourth,
although the incidence of bleeding was similar
between the two groups, the time interval between
surgery and the initiation of extracorporeal mem-
brane oxygenation was not recorded. Patients unable
to be weaned off bypass after surgery have a different
risk of bleeding than patients placed on extra-
corporeal membrane oxygenation for cardiac arrest
24-48 hours or more after surgery. Patients with
therapeutic hypothermia underwent a longer dura-
tion of mechanical ventilation and it was possible that
they were more temporally remote from surgery, with
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a consequently lower risk of bleeding. Finally, the
sample size may have been inadequate to detect sig-
nificant differences in infrequent complications and
outcomes between the treatment groups.

In conclusion, therapeutic hypothermia can be
safely provided to children on extracorporeal mem-
brane oxygenation after cardiac surgery without an
apparent increase in complication rates.
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